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Summary 
The production and tuning of church bells is described before attention is paid to 
Henry Williams, the Glasbury bellfounder who died in 1722, and his bells. The bells 
of TP, his apparent successor are also described. Henry Williams was probably a 
member of the Williams family of Gwernyfed and was born c 1635. His presumed 
family connections are described. Bells known to have been cast by Henry Williams 
between 1677 and 1719 are listed; their distribution depicted; and their qualities 
assessed. The inventory of Williams' possessions at the time of his death is presented 
and discussed. Bells cast by TP during a brief foray into bell founding, apparently 
1738-40, are described and their qualities assessed. TP was probably Benjamin 
Tanner (T), the industrialist specialising in iron production who succeeded Williams 
at the Pipton forge (P) in Aberllynfi parish near Glasbury, or Tanner (T) and Samuel 
Prichard (P). Prichard was the grandson of Henry Williams and his sole executor. 
Note:-
The names: Llandefaelog Fach, Llanfihangel Tal-y-llyn and Llangasty Tal-y-llyn 
have been shortened in places in the text to: Llandefaelog, Llanfihangel, and 
Llangasty. 
Foreword, by the Right Rev. J. D. E. Davies, Bishop of Swansea & Brecon 
I am unsure whether the production (or, more properly, the founding) and tuning of 
bells are sciences, arts or a combination of both, but I do know that the end result is a 
noticeable part of the life of many a community. Just as the art of a composer of 
music is to imagine, through the anticipated skill of players, the potential which notes 
on a page have to take life and engage the mind and heart of the listener, so it can be 
with bells. The founder and tuner can imagine that, combined with the skills of those 
who ring them, bells will give voice to many a mood or sentiment. They can peal 
joyously to announce great news - not least that the People of God are meeting to 
sing His praises and learn of His ways - or they can adopt a more sombre voice to 
indicate sorrow and mourning. Bells speak. 
In this book, we find a fascinating and detailed account of the contribution to the 
voices of bells made by one particular individual and some of his associates, as well 
as a record of the variety and quality of the rings of bells which are to be found in 
several of the churches in the area of his influence and operation. 
Although I profess neither expertise nor current activity in the field of bells other 
than a distant period of ringing whilst a teenager, I commend the work carried out to 
achieve this interesting record and account. In doing so, I express the hope that it will 
serve not only as an historical record but also as a valuable insight into the skills of 
science, of art or of both which contribute to what could otherwise so easily be taken 
for granted when bells are heard giving voice to our moods. 
+ John Swansea & Brecon 
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The founder:S mark of Henry Williams on his Mansell 
Gamage bell dated 1693. (photo: the author) 
church in the snow, Christmas Day 2009. Henry Williams cast a ring offive bellsfor 
this church in 1708. The church was rebuilt in 1852 and the tower raised in 1865 by the 
addition of another stage, but still has a ring of five bells in the old wooden bell frame that 
Williams used for his own bells. 1Wo of the Williams bells survive and, with the three bells 
recast by John Warner and Sons in 1887, were rung to two full peals in 2010 and another in 
2011. The second peal in 2010, conducted by Andrew Mainwaring for the Hereford 
Diocesan Guild, was Spliced Doubles in 168 variations. 
The first peal at Clyro was rung for the Hereford Diocesan Guild on 23 May 1908: 
Grandsire Doubles conducted by Louis Griffiths of Talgarth The other ringers that day 
were William Pritchard (Talgarth), Arthur J Griffiths (Bronllys), William Evans (Brecon) and 
William D Griffiths (Talgarth). The next peal, also of Grandsire Doubles, was in 1927, 
followed by two more in 1935 and 1939. There was then a gap until 1998 when the bells 
were pealed to Plain Bob Doubles, followed by a peal of Reverse Canterbury Pleasure 
Place Doubles in 1999. By the end of2011 a total of nine full peals had been rung at Clyro. 
Although there have been local bands at Clyro in the past, in recent years the bells have 
been rung for special occasions by members of the Glasbury band under the leadership of 
Brian Collins, both churches being in the same group of uye Valley Parishes. 
(photo: courtesy of Melinda Lewis) 
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Chapter One 
HENRY WILLIAMS AND THE PRODUCTION OF BELLS 
Introduction 
Henry Williams, the subject of this book, was one of the earliest of the known 
Welsh bellfounders. He cast bells between 1677 and 1719. During the latter part of 
that time he was based within the benefice of Glasbury, in the Wye valley near the 
border between England and Wales. Williams died in 1722 and was buried in the 
churchyard of St Peter's church, Glasbury. Other Welsh bellfounders whose work 
overlaps in time with that of Williams were John Pennington of Monmouth and 
Evan Evans I of Chepstow and his sons: Evan IT and William. Evan Evans I's first 
bell was cast in 1686. Members of the Pennington family cast bells between c 1619 
and 1682, including a ring offour for Llandefalle, Breconshire, in 1665 and at least 
ten other bells for churches in the same County. Founders such as the Purdues and 
the Coveys were also active in Wales in Williams'lifetime, but they were English 
bellfounders plying their trade in Wales and not Welsh bellfounders. 
There is little evidence of bell founding in Wales after the Evans foundry ceased 
bell-production in 1767.1 The name of Howell Maund of Brecon, and the date 
1820, occurs on two bells that formerly existed at St Mary's church in Ystradfellte 
in Breconshire. Maund was an ironmonger and nail manufacturer in Brecon who 
also engaged in brass founding.2 
He may have cast both bells, or they may have been cast for him by another 
founder but with Maund's name on them as supplier. A few other bells have 
subsequently been cast by foundries in Wales. They include the church bell at 
Llanddeusant in Carmarthenshire, cast at a foundry belonging to Hywel Gwyn in 
the industrial area of South Wales as part of the 1885 restoration of the church. 3 
Such bells are exceptional and were cast in foundries that normally undertook other 
work. There is no known evidence that church bells have been cast in Wales in 
recent decades. 
Modern beD production in England 
Modem bells cast in England are normally made in bell foundries by forming two 
moulds: the core and cope; by moulding a mixture of loam (which is a natural 
mixture of sand and clay), goat or cow hair or chopped hay, horse manure and 
other substances, built on a solid base, to the inner and outer shapes of the bell. To 
do this a wooden board is shaped to the inner profile of the bell, and another board 
is shaped to the outer profile. These boards are known as strickles and each is 
attached, via an arm, to a vertical rod around which the moulder rotates the 
strickle. By doing so around a foundation of bricks or stones covered with 
moulding material, the core is shaped to the form of the interior of the desired bell 
(Fig. 1.1). 
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Fig. 1.1. Moulding the core of a bell by moving a strick Ie over loam, resting on a solid base, 
thereby shaping the core to the correct contours of the interior of the bell that is being 
made. (Reproduced with permission of the Whitechapel Bell Foundry Ltd) 
The outer profile is moulded inside a container holding moulding mixture, the 
strickle being rotated so as to smooth the cope to the desired shape. If an 
inscription is required on the bell, it is formed by pressing letters or other shapes 
into the inside of the cope of the bell, forming depressions in the cope into which, 
when the bell is cast, metal can run. 
The core and cope are then dried thoroughly and fixed together, leaving a space 
between them into which molten bell metal is poured to form the bell itself. After 
the bell metal has cooled and solidified, the moulds are broken and the bell 
exposed. Extraneous metal adhering to the bell is then removed by fettling and, if 
need be, the bell is tuned by removal of metal from the relevant parts of the bell.4 
Tuning is discussed in detail in the next chapter. 
Bell Production in Henry Williams' Period of Bell Founding (1677-1719) 
Itinerant BelJfountkrs 
During the period in which Henry Williams is known to have made bells (1677-
1719), many bellfounders were itinerant, casting bells at or near the churches 
where they were to hang. Examples of such founders included William and Tobias 
Covey, who worked in the west of England, southern Wales and Ireland. In 1679 
William and Thomas Covey cast a bell for Llangyndeyrn in Carmarthenshire. Ten 
years later, in May 1689, William Covey was buried at Carmarthen.5 Members of 
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the Purdue family, with whom the Coveys sometimes worked, were also itinerant, 
and operated in much the same area as the Coveys. Roger Purdue, for example, 
cast bells for St Mary's church in Brecon and for Defynnog in 1686 and for 
Llanfaes (which is now a suburb of Brecon) in 1685.6 
Although it is not known whether Henry Williams was also itinerant, a document 
of 1707 refers to the transport for recasting of a cracked bell to his forge at Llowes 
in Radnorshire, where he then lived.7 The churchwardens' accounts for the parish 
of Madley, in Herefordshire, refer to the expense of making visits to Williams in 
Glasbury, where he subsequently resided, and for the casting and transportation of 
'ye little Bell' (actually a sanctus bell, to be sounded during the elevation of the 
host during the Eucharist) which, presumably, Williams cast in Glasbury.8 
Consequently, unlike the Purdue family and various other founders, Williams 
probably cast many, if not all, his bells where he resided. None of his bells, as far 
as is known, weighed more than about half-a-ton, so they would all have been 
transportable by horse and cart. 
The Methods Used by Itinerant BelJfounders 
The methods used by itinerant bellfounders were different from those of present-
day English bellfounders, and are exemplified by those of Thomas Karoun, who 
cast two bells for Exeter Cathedral as long ago as 1372.9 Henry Williams' methods 
were probably similar to those of Karoun, even though he worked over three 
hundred years later and probably cast some bells at his forge in 'ye p[ar]ish of 
Glasbury' and, previously, at his earlier forge in Llowes. 
Site of Casting 
Karoun's team chose a site near the cathedral building at which to cast their bells, 
presumably to reduce the difficulty in transporting the bells they were about to 
make, to the tower in which they were to hang. Many other bellfounders also cast 
bells near the tower in which they were to hang, and some bells were even cast 
within the church itself, as was done at Llantrisant in Glamorganshire in 1718, 
where six bells were cast in a pit beneath the floor of the tower. 10 
Production of the Core 
Having selected the site for casting, Karoun's men then 'made a circular stone 
foundation on the ground [on which they built] a chimney-like affair on a loose 
stone centre' .11' .. .into a socket at the bottom is placed an upright spindle which is 
positioned at the top in a wooden cross-piece. Near the top of the spindle is fixed 
the top end of the strickle, a board which has its lower and inner edge shaped to the 
internal profile of the bell'. Around the stone centre the workmen applied layers of 
clay mixed with cow-dung to form the core of the bell that was to be cast (Fig. 
1.2). ' ... as the final coats of loam are applied to the core, the strickle is swung 
round on its spindle until its edge has shaped the surface of the core smooth and 
perfectly circular on plan.'12 
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Fig. 1.2. Stages in the production of the Exeter bells cast in 1372: A Strickling the core to 
the shape of the inside of a bell. The core was built on a platfonn of stones that had a 
central gap for the socket of the spindle to which the strick Ie was attached B. The model 
bell was built, of clay mixed with straw, on the outer side of the core. The outside of the 
model bell was striclded to the desired profile. C. The model bell was covered with loam to 
fonn the cope. D. After core, model bell and cope had been thoroughly dried, the model bell 
and cope were lifted off the core. The model bell was then destroyed E. The core and cope, 
having been fastened together at top and bottom, were placed in a casting pit. Soil was 
rammed around the corelcope assembly and the crown plug (consisting of argent and 
canons) was attached. The space between core and cope was the bell-shape into which bell 
metal was poured, via a hole in the top of the argent, when the bell was cast. The holes on 
either side of the argent allowed gases to escape during casting. (Based on Scott, 1967) 
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Fig. 1.3. Parts of a bell. Note that moulding wires exist on the crown of a traditional British 
bell, on either side of the inscription band, and around the lip of the bell. (After Sharpe, 
1965) 
Protlu.ctWn of the Motkl BeU: ''I'M PaItem' 
After the core was smooth and circular it was smeared with tallow, over which a 
model of the bell was built of clay that was probably mixed with straw. When the 
model of the bell itself was almost complete, it was strickled using a strickle 
shaped to the exterior profile of the bell. A number of raised lines were then added 
around the crown, shoulder, lower waist and lip of the model bell (Fig. 1.3). These 
lines are known as moulding wires and were necessary to key the model bell to the 
cope at a later stage of operations. Wax letters and decorations were then attached 
to the exterior of the model. They had been made by pouring molten wax into 
moulds and allowing the wax to set before extracting it in small strips. 
Protlu.ctWn of the Cope 
After the model bell was complete it was smeared with tallow and covered 'with 
layer after layer of loam' to form the cope.13 This process continued until Karoun 
judged that the cope was sufficiently thick. The cope was bound with hoops of 
wood as it was built up, and further hoops were added around its exterior. These 
hoops added strength to the loam core. After the final hoop had been completed, 
'the mould consisting of core, pattern [i.e. model] and outer mould or 'cope', [was] 
ready for baking.' 14 
BaJdng Core, MotkVPaItem and. Cope 
When the core, model and cope were complete, Karoun's team removed some of 
the loose stones that had formed the centre of the 'chimney-like affair' that became 
the heart of the core, and lit a fire in their place. This fire was kept alight until the 
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core, modeVpattern and cope were thoroughly baked and dry. The tallow separating 
the model from the core and cope, and the wax ornaments, numbers and letters, 
melted during baking and drained off at the base of the mould, although the imprint 
of the wax features was left imprinted in the cope. 
Lifting, Seporation, Destruction, and Resealing 
When drying was complete, the cope and modeVpattern were lifted off the core, 
presumably using some form of crane or sheerlegs. The moulding wires continued 
to attach the model to the cope as this was done. Once the core had been separated 
from the model and cope, the model and cope were laid on their side, and the 
model was destroyed. The cope was then placed on top of the core and the base of 
core and cope was carefully sealed. Between core and cope was an empty shell into 
which, in due course, molten bell metal would be poured. 
Adding the ~ent and Canons 
Before the bell was ready for casting Karoun added the model for the argent and 
canons (Fig. 1.2). The argent is the central loop that rises above the crown of the 
bell, and into which bell metal is poured during casting. Six lesser loops curve 
outwards and downwards from near the top of the argent to the crown of the bell: 
these are canons. The canons, including the argent loop, were used to secure a bell 
to its headstock. This was a block of wood with bearings at either end. When a bell 
was hung it was normally suspended from its headstock so that it hung within its 
pit in the bell-frame. The bearings on either end of the headstock were used to 
secure the headstock to the frame: they allowed the bell to swing within its pit. The 
model for the argent and canons was made in similar fashion to the model for the 
main portion of the bell, and was then inserted as the crown plug into a central hole 
in the crown of the bell-shell and attached so that it formed part of the space into 
which bell metal was later cast. 
Casting the BeU: the Casting Pit, the Furnace, and Casting 
Once the core and cope, with the argent and canons added, were complete and 
ready for pouring of bell metal into the space between core and cope (the bell-
shell), the core-cope mass was lowered into a casting pit dug near it in the ground. 
The cope was then surrounded by soil that was rammed in place, in order to 
support the cope and prevent it from bursting under pressure when bell metal was 
poured into the bell-shell. Only three holes in the crown-plug were exposed above 
ground level. One of these holes was for the entry of bell metal into the mould, 
while the other two were for the escape of gas from the mould during casting. 
In addition to constructing the core, model bell and cope, Karoun's men also built a 
simple reverberatory furnace of stone and cob. (Cob is a mixture of clay and straw 
and was formerly much used for building in Britain). The furnace was constructed 
near and upslope of the casting pit. When this was complete, and the core-cope 
assembly had been positioned in the casting pit, surrounded by rammed soil, all 
was ready for the bell metal to be melted. 
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The furnace at Exeter in 1372 was ftred with wood and coal. Copper was placed in 
what seems to have been an iron basin in the furnace and, when it was molten, tin 
was added, in the ratio 77:23. Due to the loss of tin during melting and casting, that 
would probably have produced a bell that had a copper to tin ratio of 78:22. 15 After 
the tin had also melted, the furnace was tapped and the molten bell metal was 
allowed to flow down a furrow and into the bell mould in the casting pit. 
'IheNew BeU 
Eventually, after the bell metal had solidifted, which probably took at least two 
days, the rammed soil was removed from the casting pit and the cope exposed. 
This was broken and the new bell emerged. The core was removed from the bell 
and the bell, by then lifted to the surface, was fettled, probably using chisels and 
other implements, thereby removing extraneous ftns of metal and sharpening the 
lettering and ornamentation on the bell. 
Fig. 1.4. Madley, the birth-place c 450 of Dyfrig, one of the most important of the Celtic 
saints, possesses one of the finest churches in Britain By 1577 the massive tower; built in 
the 1200s, contained at least four bells, one of which was recast in 1605. Other recastings 
took place in 1613,1619,1636,1662 and 1669 before, in 1715, Henry Williams recast the 
sanctus bell. Thomas Rudhall of Gloucester recast the tenor in 1747 and the treble in 1771. 
In 1808 John Rudhall cast a new ring of six bells, which John Taylor & Company 
augmented to eight with two trebles in 1988. (photo: the author) 
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Fig. 1.5. The sanctus bell that Henry Williams cast for Madley in 1715, although now 
disused, is displayed in the nave of the church Scale is provided by the tape measure, which 
is 3" long. Part of the inscription, the name of one of the churchwardens, is clearly visible. 
(photo: the author) 
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Chapter Two 
THE SHAPE AND SOUND OF BELLS 
Introduction 
The shape and profile of a bell must be correctly designed, and the bell must be 
accurately cast and, in many cases, carefully tuned, if it is to produce the desired 
sounds. Occasionally bells produce the desired sounds without tuning, and are then 
known as maiden bells. The profile is the cross-sectional shape and thickness of a 
bell. The profiles of bells cast by three of the major twentieth century founders in 
Britain are shown, superimposed on each other, on Figure 2.1. The variations 
between these profiles affect the timbre of the bells produced by the different 
.----~I .,.-GlIett & 
Johnston 
+-- J. T8ylor & Co. 1~<-_----"1 "- WhIttchepeI 
Fig. 2.1 The profiles of IWentieth Century bells cast by the three most productive English 
founders of the IWentieth Century: Whitechapel, John Taylor and Company, Gillett & 
Johnston. (Redrawn after Elphick, 1988, Fig. 30) 
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founders, so that some listeners prefer, for example, bells by Gillett and Johnston 
(a firm that ceased bell founding by 1957) to bells by Whitechapel or by Taylors. 
(Timbre is the overall effect, or quality, of the sound of a bell). Bellfounders should 
be able to calculate the profiles of the bells they cast, which entails considerable 
mathematical calculation, as well as actually cast and tune them. Some founders in 
the past used already existing profiles, (possibly copied from the profiles of other 
founders), and limited their bell production to them, casting only a restricted range 
of bells. Some founders probably still do so! 
Changes in Shapes and Profiles over Time 
The shapes and profiles of bells have 
changed over time. The oldest tower bells in 
Britain are long and thin in shape, like the 
bell believed to date to the late twelfth! early 
thirteenth century at the now redundant 
church at Llanelieu, at the foot of the Black 
Mountains near Talgarth, in Breconshire (Fig. 
2.2).1 The earliest tower bells still existing in 
Britain have essentially straight and thin-
profiled sides, with wider soundbows that 
project out from the lower ends of the 
elongated waists of these early bells. 
The oldest bell in England and Wales known 
to bear a date is that at Lissett, in Yorkshire, 
that was apparently cast in 1254.2 This bell 
has a flaring and rather thick soundbow, and Fig. 2.2. The late Twelfth / early 
is probably not the oldest bell in England and Thirteenth Century bell at St EIyw's 
Wales. The bell at Llanelieu and another long- Church, L1anelieu, Breconshire. 
waisted bell at Bryngwyn in Radnorshire, less (photograph by Christopher Dalton, 
than eight miles from Glasbury (the home of reproduced by permission of Mrs S M 
Henry Williams), may be older: possibly even Dalton) 
late twelfth century. 
The Bryngwyn bell has a diameter of 19.75" and its height from lip to crown is 
20.5", and it has very prominent canons 5.5" high, with an argent that is about 7" 
highY The Llanelieu bell is smaller, being 17.5" in diameter and 16.75" high from 
lip to shoulder.5 This bell is similar to long-waisted bells in Herefordshire and 
Monmouthshire in the vicinity of Llanthony Abbey, an Augustinian foundation in 
one of the deep valleys in the Black Mountains on the borders of England and 
Wales. They may have been cast by a founder at, or from, that centre.6 
Llanthony Abbey was founded by Hugh de Lacy, Marcher Lord of Hereford. Hugh, 
who had previously waged war against the Welsh, 'had a transformation of spirit, 
and became an anchorite'.7 He settled at Llanddewi Nant Hodni, which was the 
name of the pre-Norman church, dedicated to St David of Wales, at what is now 
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Llanthony. Hugh was joined by Emisius, the chaplain to King Henry I, and 
between 1108 and 1136 these influential Normans formed a community of forty 
canons, patronised by Queen Maud. Ernisius, not surprisingly, was the first Prior of 
what rapidly became a prestigious community. The community was even joined by 
the Constable of England: Walter de Gloucester. 
Although de Lacy had intended Llanthony to be a place of solitude and wildness, 
the second Prior, Robert de Bethune, completed whatever building had been started 
under Ernisius. Consequently Llanthony became a soaring late-Norman, 
Transitional-style, Abbey. By the time Geraldus Cambrensis [Gerald de Barri] 
visited Llanthony in 1188 the high ideals of its founders had been replaced by 'the 
extravagance of English luxury, the pride of a sumptuous table', and the inhabitants 
of the priory had been 'corrupted'.8 Gerald, of course, was Cambro-Norman, and 
not true-blooded Norman, and may have been ..-....... .. sa · 
a little biased in his Writings! Nevertheless, 
Llanthony was exactly the sort of community 
that might have supported bell founding, and 
had the resources to attract a bellfounder and 
meet the costs of casting these luxury 
commodities. Thus it is no surprise that bells, 
apparently dating to the late twelfth or early 
thirteenth centuries, exist in churches within 
what must have been the sphere of influence 
of the Abbey. 
Even older tower bells exist on mainland Fig 2.3. Skep-shaped bells at 
~urope than in B~tain. A bell at Bad He:-,feld, r,;,gufell, on the edge of the uplands 
m Germany, carnes the date 1038. ThIS bell in the south west of Iceland, probably 
has a domed crown and straight waist leading cast before 1200. There are seven bells 
into a poorly emphasised soundbow. Skep- of this early age in Iceland and 
shaped bells thought to predate 1200 exist in another nine in the rest of Norden. 
Iceland (Fig. 2.3). None of that shape is Notice the ~ifference in shape between 
known in Britain apart from a small bell that these NordiC bells and the bell of 
. '. . similar age at Llanelieu in Uilles. 
may have eXIsted m Shetland and that, bemg (ph t hed by 1 B "61": 
1 h 7"· d· Id h dl h 0 ograp var ryn) ~sson, ess t an m lameter, cou at' y ave reproduced by permission of the 
been a tower bell.9 National Museum of Iceland) 
Trapezoids of Profiles 
One way to describe and compare the shape of bells is to measure and plot the 
trapezoid of their profiles. This is done by drawing a vertical line to represent the 
mid-point of the diameter of the mouth of the bell, then drawing a sloping line 
from the lip of the bell to the shoulder of the bell, where the waist gives way to the 
crown of the bell. The diameter of the crown can then be measured. By reducing 
the diameters of the mouths of bells to a standard size and then adding the sloping 
lines of the trapezoids, different bells can be compared with each other. Another 
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method of comparison is to ascertain the scale 
of thickness of bells. This is done by dividing 
the diameter of the mouth of the bell by the 
thickness of the soundbow.1O 
The Effects of The Reformation 
Until about 1400 the widths of the crowns of 
bells became narrower as the height of bells 
increased. Then, in the early 1400s, crown 
widths increased as the height of bells 
increased. This enabled founders to cast bells 
with seventh hum notes. (Modem founders 
cast bells with octave hum notes. Hum and 
other partials are discussed later in this 
chapter.) The Reformation seems to have had 
a disruptive effect on bell founding and the 
quality of ornamentation on bells deteriorated 
markedly. There was also a lack of 
uniformity in the proportions of bells, as 
exemplified by bells cast by John Saunders of 
Reading between 1539 and 1559. By the time 
that Henry Williams was casting bells, 
around 1700, there was little consistency in 
~I ,\ , 
d 
Fig. 2.4. Trapezoids of four bells cast 
by Clement Tosear between 1679 and 
1717, showing variations in slope 
angles and lack of consistency in the 
relationships between crown widths 
and mouth widths. Key: a Oving tenor. 
b East Dean third. c Bosham fifth. d 
Pagham tenor. (Redrawn after 
Elphick, 1988, Fig. 19) 
the width of crowns, as exemplified by the trapezoids of bells cast between 1679 
and 1717 by Clement Tosear of Salisbury (Fig. 2.4).1' 
In the years immediately before Henry Williams cast most of his bells, the Purdue 
family cast many bells with high crowns. Closworth treble, in Somerset, cast in 
1655 by Thomas Purdue in his early days as a founder, is a particularly good 
example of a high-crowned bell.12 Williams also cast high crowns on some of his 
bells, as at Crickadam in Breconshire. 
Eighteenth Century Developments 
By the 1760s at least one founder: Lester and Pack of Whitechapel, London, was 
thickening the upper part of the waist of their bells, opposite the inscription band. 
The Cors of Aldboume in Wiltshire (1696-1750) also cast some bells that were 
wider at the shoulder than lower down the waist. The effect of these profile-
changes was to enhance the Prime, which is one of the main partials of bells. 13 
Partials are sound waves produced when a bell is struck. 
Nineteenth and Twentieth Century Developments 
During the early nineteenth century some British bellfounders cast bells that were 
short-waisted, with their perpendicular height being three-quarters the soundbow 
diameter, or even less. The aim of these founders was to produce bells that were 
more pleasing, musically, than bells of more traditional shape. Unfortunately the 
16 
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I 
Fig. 2.5. Profile of a mid-lWentieth Century Taylor bell, complete with ringing fittings, 
showing the areas where metal may be removed from the profile in order to tune the five 
main partials. (Redrawn after Ayres, 1981) 
17 
shape of these short-waisted bells, whose soundbow structure and waist-shape 
resembled that of their immediate predecessors, resulted in their Hum (or lowest) 
notes being raised by almost a semi-tone, so that they were discordant. 
In the twentieth century English bells, cast especially for change ringing, changed 
again in shape, as knowledge increased of the effects of soundbow structure and 
waist and crown shape on the sounds produced when bells are rung. Advances in 
tuning and in tuning machines also improved the sounds of bells. The ability to 
remove metal from the interiors of bells, at and near their shoulders, made it 
possible to tune the partial known as the Prime, and removed the need to thicken 
the exterior of bells in that region, as Lester and Pack and the Cors had previously 
done. 
By the mid-twentieth century many listeners 
preferred the sounds produced by bells cast 
with what some authors have called a 'Taylor 
profile' (Fig. 2.5). This profile, which results 
in the production of short-waisted and rather 
squat-shaped bells: 'combines the best timbre 
or balance of partials with the minor 
harmonic character advocated by Simpson' .14 
Simpson's work is summarised later in this 
chapter in Table 2.1. 
Major twentieth century English founders 
other than Taylors of Loughborough cast 
bells to somewhat different profiles than 
those of Taylors', as has already been shown 
on Figure 2.1, although they all had shorter 
waists than hitherto. One of the major 
advantages of bells with short waists is that 
they are normally easier to hang for ringing, 
and to ring, than long-waisted bells, where 
the centre of gravity is further from the 
headstock and gudgeons. 
Why Must Bells be Circular? 
Fig. 2.6. Stamping an inscription into 
the inner surface of the cope of a bell. 
(Reproduced with pennission of the 
Whitechapel Bell Foundry Ltd) 
Finally, a bell should be circular in cross-profile from its lip to the base of its 
crown (although the circle reduces in diameter from lip to crown) otherwise, 
instead of producing a clear sound when hit by its clapper, it will produce wavering 
sounds that are undesirable. In technical parlance, the bell will beat. 
The Ornamentation of Bells - The Use of Stamps 
The shape of bells is commonly modified, in a minor way, by letters, numbers and 
patterns on their outer surfaces, in addition to the moulding wires already 
described. As long as these modifications have little effect on the shape of the 
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Fig. 2.7. Shaping the cope of a bell, during the 
1920s, in Taylor's Bell Foundry. The cope was 
being moulded, with a strickle, inside a 
moulding case. The moulder had presumably 
left his work while this photograph was being 
taken. (photo courtesy of John Taylor and 
Company) 
bells, they are unlikely to affect the 
sounds of the bells appreciably. At 
present the two major bell foundries 
in England (John Taylor and 
Company of Loughborough and the 
Whitechapel Bell Foundry in London) 
do this by stamping shapes into the 
inner side of the cope (Fig. 2.6). 
Stamping is facilitated by changes that 
took place in England, in the second 
half of the nineteenth century, in the 
method of making copes. 
In 1853 Frederick Warner and John 
Shotton, on behalf of John Warner and 
Sons, bellfounders in London, 
patented a cast-iron cope-moulding 
case. This was a semi-circular basket-
shaped case, with holes in its side so 
that loam could be keyed into the 
case. Curved bricks were bedded into 
the inner side of the loam and, when 
sufficient were in place, were covered 
with moulding material which was 
then strickled into shape, to form the 
outer shape of the bell that was being 
made (Fig. 2.7).15 In other words, 
copes can now be made in moulding 
cases, without any need for a model 
bell, and inscriptions can be readily stamped into their inner sides. After cope and 
core have been assembled, bell metal is poured into the space between them as the 
bell is cast, and fills the bell space, including the indentations in the cope. The 
inscriptions are thus cast with, and become part of the bell. 
Stamps have been used to form inscriptions in the copes of bells since the 
seventeenth century, and in that and the following century were impressed into the 
cope, after it had been separated from the model bell, and while it was still semi-
plastic. Thomas Pennington I, who cast bells in the Exeter region between circa 
1610 and 1642, was one of the first to cast stamped inscriptions.16 
The Lost Wax Method 
Many British founders until the nineteenth century continued to use the wax model 
method, as already described. They attached wax figures, (cast by pouring molten 
wax into moulds and then separated it from the moulds when the wax had cooled 
and hardened), to the face of their model bells. They then built the cope around the 
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Fig. 2.8. This highly ornamented bell was cast by Taylors of Loughborough in 1898, using 
the lost wax method This bell hung in the John Baste Social Club in Kendal in 2010. (photo 
courtesy of John Taylor and Company) 
model bell, so that the impressions of the wax models were indented into the inner 
face of the cope. After core, cope and model had been separated, model destroyed 
and core and cope reassembled, the indentations were filled with bell metal as the 
bell was cast, becoming part of the bell itself. The wax, of course, had melted, so 
that this is known as the lost wax method. Henry Williams, as many of his bells 
show, used this technique, as described later. Foundries in continental Europe, such 
as The Royal Eijsbouts Bellfoundry in Asten in The Netherlands, still use this wax 
model technique.17 
Although British bellfounders seem to have largely abandoned the lost wax method 
after about 1860, when cope-moulding cases were introduced, Taylors of 
Loughborough used the method as recently as 1899. In that year they recast the 
ring of ten bells for Loughborough Parish Church. Since they wanted the new bells 
to be the best possible, and, effectively, an advertisement for Taylors, they cast the 
largest four bells using the lost wax method. During the previous year, just to 
ensure that they could still use the lost wax method effectively, Taylors cast a 
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Fig. 2.9. (Right) Staffnotation showing the 
five main partials (Nominal, Quint, Tierce, 
Prime and Hum) of a Simpson-tuned bell 
with a Nominal sounding top C. (Redrawn 
after Ayres, 1981) 
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Fig. 2.10. The .frequency (in Hertz), loudness (in Phons) and spacing (S) of partials 
produced by the tenor bell at Ranmore, Surrey. The lower-order partials are named. 
(Redrawn after Hibbert, 2003) 
highly ornamented bell that they subsequently sold to the Dean Gibson School in 
Kendal (Fig. 2.8). The school subsequently moved to other premises and, in 2010, 
the building in which this beautiful bell hung was the home of the John Baste 
Social Club. 18 
The Sound of Bells - Sound Waves, Partials and Hertz (Hz) 
A bell vibrates when it is hit by its clapper. The vibrations produce sound waves, 
forming partials. A partial is a sine wave: 'an identifiable frequency in the sound of 
a bell, arising from the mode of vibration of the bell' .19 Some partials form 
harmonics, although the term harmonic is not usually used in relation to bells 
except for the name sometimes used for Simpson-tuning: True-harmonic tuning. 
Figure 2.9 shows the five main partials, in staff notation, responsible for the tonal 
character of a perfectly tuned bell, assuming its Nominal sounds top C. 
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Fig. 2.11. The main vibrational modes of bells. (Reproduced from Kelly, 1997, by 
permission of David J Kelly) 
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A working definition of true-harmonic tuning is that two of the partials produced 
when a bell sounds: the Prime and Hwn, are in octaves with another partial named 
the Nominal.20 All three partials are shown and named on Figure 2.10, relating to 
partials of the tenor bell at Ranmore in Surrey. Partials of the same names, but 
associated with other bells of different profiles, weights and other characteristics, 
may well have different frequencies, but will still be the five lowest reasonably 
well-identified partials. 
A bell produces a complex tone when it sounds consisting of a combination of 
many simple periodic waves that each has its own frequency of vibration and 
amplitude. Each wave with its own frequency and amplitude forms a partial. 
Partials are normally 'measured in Hertz (Hz), which is the nwnber of complete 
vibrations of the sound wave passing a fixed point every second'.21 They are 
sometimes stated as the nwnber of vibrations, or cycles, per second (C.p.S.).22 These 
vibrations are caused by the oscillation of a bell when hit by its clapper. One Hertz 
is one sound wave passing a point in a second. The greater the nwnber of waves 
passing per second the greater the nwnber of Hertz and therefore the greater the 
frequency and the higher the pitch of the resultant note. 
Vibrational Modes of a Bell 
Figure 2.11 shows the main vibrational modes of a bell. l3 Some vibrations are 
produced in the soundbow and others in the remainder of the bell. The regions 
where there is minimwn movement in a bell are known as nodes, while the areas of 
maximwn movement are known as antinodes. Nodal circles exist in regions around 
a bell above and below which there is more vibration than at the nodal circle 
(where there may even be no detectible vibration). Similarly, nodal meridians exist 
vertically up and down the length of a bell, on either side of which there is more 
vibration than at the nodal meridians. The vibrations of a bell on either sides of the 
nodal circles and nodal meridians produce partials, some of which are named and 
graphed on Figure 2.10. The origin of the partial known as the Hum: which is 
probably the simplest to explain, is best described by reference to Figure 2.11, 
which also explains the origins of certain other partials. 
Figure 2.11 shows that there are no nodal circles involved in the production of the 
Hwn, but there are four nodal meridians. When a bell is hit by its clapper it 
vibrates from lip to crown between the four nodal meridians. This is best explained 
by describing the vibrating segments with reference to a clock. When the segments 
facing 2 o'clock and 8 o'clock bend outwards, the segments facing 5 o'clock and 
11 o'clock bend inwards. This inward and outward vibration gives rise to sine 
waves, producing a partial known as the Hwn . 
In the case of the partial called the Prime there are four nodal meridians, as with 
production of the Hwn. There is also, however, a nodal circle located at about the 
level of the uppermost of the moulding wires located near the lip of the bell. When 
hit by its clapper the bell vibrates in the inter-meridional regions, as for the Hwn, 
but both above and below the nodal circle, with little vibration around that circle. 
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The effect of these complex vibrations is to produce a different partial to the Hum: 
the Prime. 
The other partials produced by bells also result from differential vibrations between 
nodal meridians and nodal circles. More than 100 partials have been identified in 
bells, but some of them are too high pitched to be heard by human ears. Others 
have too little amplitude to be heard by humans: they are too quiet. The vibration 
of a bell sends energy into the air around the bell. The greater the amplitude of 
vibration, the stronger will be the sound of the resulting partial. Put simply, the 
greater the vibrating area causing a partial, the louder the sound of that partial. The 
faster the vibration causing a partial, the higher will be the frequency of that partial 
and its pitch. 
Scientific Investigation of the Partials of Bells: Jacob van Eyck 
During the first half of the seventeenth century the Municipal Carillonneur at 
Utrecht, in The Netherlands, the Honourable Jacob van Eyck (c. 1590-1657), began 
to investigate the partials of bells. He was related to one of the leading 
mathematicians of his day: Christiaan Huygens (1629-1695), who brought Van 
Eyck's work to the attention of many of the leading scientists of his day.24 
Van Eyck discovered that the sound of a bell consists of numerous partials, and that 
a bell sounds in tune when the lowest five partials form the consonant, minor bell 
chord: C1-C2-Eb2-G2-C3. He also discovered that humans hear this minor bell 
chord as sounding the fundamental (lowest tone) C2. In other words, Van Eyck had 
discovered virtual pitch: that the human ear hears something different from what 
can be measured acoustically. He called this heard-tone: the strike. This is now 
known as the strike note, and is normally heard about an octave below the partial 
known as the Nominal. We now know that virtual pitch is the creation by the 
human brain of a pitch related to a set of partials, at a different frequency to any of 
those partials. 
What Causes a Strike Note? 
Research in the 1960s showed that the strike note of a bell results from the human 
ear listening to a set of partials, ascending in frequency, each of which is the 
loudest in its particular frequency range, that form a regular pattern and that are 
almost equally spaced. The lowest partials are named Hum, Prime, Tierce, Quint 
and Nominal. They and the other partials produced by the tenor bell at Ranmore in 
Surrey, are shown on Figure 2.10, which shows their frequency in Hertz, and their 
loudness in Phons.25 Phons form a logarithmic scale, based on equal loudness 
curves (the Fletcher-Munson curves). 
The Ranmore tenor exhibits a regular sequence of partials of ascending frequency 
from the Nominal upwards, each of which is marked on Fig. 2.10 with the letter S. 
The spacing between these partials above the Nominal is almost the same as the 
frequency of the Nominal itself. For reasons yet unknown, the human brain 
translates these spacing frequencies into a strike note that is about half the 
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frequency of the Nominal. Consequently, English bellfounders regard the strike 
note as being an octave below the Nominal. 
The Hemony brothers 
Van Eyck put his discoveries to practical use by cooperating with the Hemony 
brothers, Fran~ois (c.1609-67) and Pieter (1619-80). They had been born in 
Lorraine where, at that time, there were many bellfounders. After moving to 
Germany for a few years, they migrated to The Netherlands, where, in 1641, they 
cast bells for the Reformed Church in Goor. In Goor they met Juriaan Sprakel, a 
clock and carillon mechanism maker. Sprakel was commissioned in 1642 to 
replace the clock and chiming mechanism in the town of Zutphen. In the following 
year, probably through Sprakel's influence, Fran~ois Hemony was asked to cast a 
carillon for the Municipality of Zutphen. Jacob van Eyck, as an already well-
known carillonneur, was appointed by the Municipality as its advisor on this 
project. 
Documentary evidence exists showing that Van Eyck and the Hemony brothers 
'worked a great deal and spent a lot of care and money in trying to recover the 
true art of bell-founding and in tuning the bells. ' As already stated, Van Eyck had 
already determined that the most pleasing sounding bells have their lowest five 
partials forming the minor bell chord C1-C2-Eb2-G2-C3. In order to obtain those 
partials Van Eyck believed that bells had to be cast to the correct profiles. That was 
almost impossible to do accurately. The Hemonys, however, solved this problem 
by casting their bells slightly thicker than required by the desired profiles, so that 
they were higher pitched than required. They then tuned the bells to those profiles, 
thereby lowering their pitch. The Hemonys used a metallophone, which was a 
metal xylophone, to indicate the correct 
pitch. They then used a lathe to tune their 
bells accurately. The Zutphen carillon was a 
great success and the Hemonys were soon in 
great demand for their bells. 
A visitor to the Hemonys' foundry when it 
was in Amsterdam wrote, in a work 
published in 1662, that 'He [Fran~ois] was 
the first who can bring the bells to a decent 
pitch so that they are not faulty in any way. 
Previous masters had to re-cast a bell 3 or 4 
times, and then it was not quite correct. This 
master however has found a method which 
certainly works as all the bells he casts are 
assured of having a higher pitch than he 
desires. To lower the tone he turns the bell 
upside down, he fixes it in a certain 
implement, which is then turned by five or six 
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12. Canon Arthur B. Simpson 
1900), a Cambridge graduate 
research into the sounds of bells 
was published in 1895 and 1896 and 
has had great irifluence on bell design 
and tuning. (Reproduced from Elphick, 
1988, LVIII, by permission of Mrs J 
Macey) 
t 
men and it is thinned out by sharp chisels until the bell has its correct tone. This 
must happen in a place where there is no noise ... he tunes just as someone would 
tune a fiddle, zither or bass'.26 British bellfounders did not start to use tuning 
machines until about 1790 and their knowledge of tuning in the eighteenth century 
appears to have been sadly inferior to that of the Hemonys in the previous century. 
Sadly, neither the Hemony brothers nor Van Eyck seem to have committed their 
knowledge of bell tuning to paper. When they died their secrets went to the grave 
with them, and it was not until almost the end of the nineteenth century that they 
were rediscovered. 
Taylors of Lough borough and the investigations of Canon Simpson 
During the late nineteenth century in England considerable attention was paid to 
the musical qualities of bells. Taylors of Loughborough began to examine bells in 
continental Europe, while in 1890 Lord Rayleigh published the result of his 
investigations into bell acoustics. During 1895 Taylors retuned a bell they had cast 
two years previously for Merthyr Tydfil, in Wales, but which had not been 
delivered due to the tower not being completed. This bell had previously been 
tuned only on the soundbow, but with their new tuning machine Taylors were able 
to tune other parts of the bell as well. The aim of Taylors seems to have been to 
tune the bell 'harmonically'. Retuning was not successful, so in 18% the bell was 
recast.27 In the meantime, in the autumn of 1895 Canon Arthur B Simpson (Fig. 
2.12) published his famous paper: On Bell Tones.28 
Simpson found that most English bells were not in tune with themselves. He 
believed that the partials of a bell should be related to each other by fixed ratios, 
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Fig. 2.13. The amplitude and duration of the five main lower-order partials of a Nineteenth 
Century bell of the pre-Simpson-tuning era (Redrawnjrom Kelly, 1997) 
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and that, using the lowest frequency as reference, the harmonic series for the five 
lowest partials, the Hum, Prime, Tierce, Quint and Nominal, should be: 1:2:2.5:3:4. 
The typical harmonic spectrum of many nineteenth century British bells differed 
markedly from Simpson's ideals. One such bell, for example, had the harmonic 
spectrum 1:1.81:2.31:2.81:3.85. The loudest of these partials was the Nominal, 
followed by the Hum, Tierce, Prime and Quint (Fig. 2.13).29 Modern, Simpson-
tuned bells, have smoother partial amplitude-time profiles, since the partials decay 
more smoothly with time. Modem bells thus beat less than many of their 
predecessors. 
By changing the shape of a bell it is possible to reduce certain partial intensities by 
moving nodal circles to, or near, the soundbow. John William Taylor, in particular, 
the founder at Loughborough from 1858 until 1906, experimented with bell shapes 
and profiles, as well as with tuning, in order to produce bells whose partials were 
as close as possible to those recommended by Simpson. Whether Taylor did this in 
response to Simpson's work, or whether he was experimenting prior to Simpson's 
investigations, is unclear. Taylor also seems to have extended Simpson's theories to 
some of the higher order partials. 
Unfortunately it proved impossible to make the Tierce a major third without 
radically changing the traditional shape of a bell, which would probably have been 
opposed by many prospective customers.30 Consequently Taylor's experiments led 
to a compromise with Simpson's theories, and while the Hum, Prime and Quint 
were successfully adjusted to the Nominal, the Tierce was retained as a minor 
instead of becoming a major third. In other words the compromise resulted in the 
production of what are known as Simpson-tuned Bells, which many (but not all) 
listeners accept as the best sounding, ideal, bells.31 The frequency ratios of the 
principal partials of a Simpson-tuned Bell are shown on Table 2.1. Almost all bells 
presently produced in England are Simpson-tuned Bells. 
Table 2.1 
The lower frequency ptIJ1iIIh o/SimpStm-lltIlH /nUs 
Harmonic FREQUENCY RA 110 Name of 
Prime as ref Hum as ref. Nominal as ref. Pania1 
First 0.50 1.00 0.25 Hwn 
Second 1.00 2.00 0.50 Prime 
Third 1.20 2.40 0.60 Tierce 
Fourth 1.50 3.00 0.75 Quint 
Fifth 2.00 4.00 1.00 Nominal 
Note: as ref. = as reference. Source: Kelly, D. J., 1997. 'The Sound of Bells', The 
Ringing World, 20.6.1997, 632. For the partials to accord with Simpson's proposed 
relationships the Tierce should be 1.25 in relationship to the Prime, 2.5 to the Hum, 
0.625 to the Nominal. 
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Tuning Bells 
During the Second World War (1939-
45) the Germans invaded the Low 
Countries (The Netherlands and 
Belgium) as well as many other areas. 
From the Low Countries, in 
particular, they seized many bells, 
some of which were melted for 
armaments. After the war ended some 
of the stolen bells were recovered. 
Before they were returned to their 
rightful owners, the opportunity was 
taken to undertake acoustical 
measurements on many of them. As a 
result, in 1949 E. W. van Heuven 
submitted his doctoral thesis to the 
Technical University of Delft entitled 
Acoustical Measurements on Church-
Bells and Carillons. 
B 
Among his findings van Heuven 
presented acoustical data, partial 
frequency measurements, information 
on the tuning of carillon bells and on 
'The Process of Tuning'. Figure 26 of .D , .. , 
his thesis based on the work of FIg. 2.14. 'Places for the tunmg of partIals. 
: . (Redrawn from van Heuven, 1949) Canon Sunpson, was a dIagram 
showing the profile of a bell. This, 
redrawn, is shown on Figure 2.14. The Figure was entitled 'Places for the tuning of 
partials'. 
With reference to the above Figure van Heuven stated that: 'Simpson gives the 
following rules: -
The Nominalfrequency may be increased by taking offmaterial at "HDE" (up to 
~ semitone) .... The Minor Third cannot be sharpened but may be flattened by 
thinning the wall between "G" and "B". 'and so on. 
Van Heuven then presented 'an average profile shape of existing good bells' based 
on his analyses of bells by seven different founders. After further discussion he 
showed how bells could be tuned, as summarised on Figure 2.15. This is the graph 
that, added to van Heuven 's additional findings and those of other workers 
(including Andre Lehr, a former director of the Royal Eijsbouts Bell Foundry in 
The Netherlands), and to their own experiences, guides those who, in the latter part 
of the twentieth and in the present century, tune bells. 
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Fig. 2.15. Graph showing the effect on the five main partials (Nominal, Prime, Hum, Quint 
and TIerce) of removing metal from the inside and lip region of a bell. The main tuning area 
is the soundbow (see Fig. 1.3), where the Nominal and TIerce can most readily be tuned 
The Prime is most affected by removal of metal in the shoulder region. (Based on Kelly, 
1997, aftervanHeuven, 1949) 
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Scales, Pitch, Hertz and Cents 
Before we consider Henry Williams and his bells in relation to the shapes and 
sounds of bells it is necessary to look briefly at musical scales, and at pitch, Hertz, 
cents and tonal analysis. 
Musical scales 
A scale in music has been defined as 'A series of single notes progressing up or 
down stepwise.' 32 A note is a single sound of a given musical pitch and duration. 
There are many different scales, but for our purposes the most important are those 
used in Western music, especially those which publications by members of the 
Whitechapel Bell Foundry call the "Just Diatonic Scale", or "Scale of Nature", and 
the "Equal Tempered Scale". 33 There are temperaments other than the Equal 
Tempered Scale, i.e. ways of determining the intervals between notes, such as 1/4 
and lis comma Mean Tone, which were in common use in Henry Williams' days. 
British bellfounders of his period, however, were normally satisfied if their bells 
sounded a tolerable diatonic scale, since they relied on the inexact method of chip-
tuning to adjust the sounds of their bells. As a consequence only the Just Diatonic 
and the Equal Tempered (as an example of a tempered scale) are discussed here. 
Division of scales 
Each scale is divided into octaves consisting of twelve notes, each note in 
ascending sequence being higher in pitch than its predecessor. These notes are 
divided from each other by intervals that are either tones or semitones. By 
convention, an octave is shown as starting in C and rising to B, and then forming 
the next higher octave, starting in C, and so on. Notes that are an octave apart 
sound similar to humans, although one is higher (or lower) pitched than the other, 
with vibrating frequencies in the ratio 2: 1. The human ear hears sounds over a 
range of about nine octaves, but the two highest and two lowest octaves are not 
utilised by church bells, so we shall ignore them. 
If all twelve notes in an octave: C, C#, D, D#, E, F, f#, G, G#, A, A# and B; are 
utilised in a set of bells, the bells will sound the Chromatic Scale, as happens with 
some sets of handbells cast for tune ringing. If eight notes are utilised in the 
ascending order: tone, tone, semitone, tone, tone, tone, semitone, as, for example: 
G, A, B, C, D, E, f#, G, the bells will sound the major Diatonic Scale. For a ring of 
six bells to be in the major Diatonic Scale the ascending order must be tone, tone, 
semitone, tone, tone. For example, the bells in ascending sequence might sound G, 
A, B,C,D,E. 
Most rings of bells are in a major key, but some are in a minor key, which, to 
modern ears, makes them sound doleful! In other words a ring of five bells in a 
minor key sounds, from the tenor upwards to the treble: tone, semitone, tone, tone. 
An example of a ring of five in a minor key might sound, in ascending sequence: 
A, B, C, D, E. Rings of five bells are more likely to be in a minor key than rings of 
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higher numbers of bells. To augment a minor ring of five to a major ring of six 
bells, without removing any of the five existing bells, necessitates adding a tenor 
bell with a pitch that is a tone lower than the existing tenor. In the above example 
the augmented bells, in an ascending sequence, would sound G, A, B, C, D, E. 
Temperaments, Pitch, Hertz and Cents, and Tonal Analysis 
The keynote in an octave vibrates at twice the frequency of the keynote in the next 
lowest octave. In a ring of bells the keynote is normally accepted to be the Nominal 
of the tenor. If, for example, the tenor of a ring of eight bells sounds A and its 
Nominal vibrates at 220 Hertz (shown as Hz in scientific nomenclature, but can 
also be shown as c.p.s.: cycles per second), the Nominal of the treble (which is A in 
the next octave) would vibrate at 440 Hz. The rates at which the intervening notes 
vibrate are determined in a number of different ways. The simplest way applies 
mathematical ratios to the frequency of the keynote to establish the frequencies of 
the remaining notes, as with what the Whitechapel Bell Foundry calls the Just 
Diatonic Scale.34 
The Just Diatonic Scale was based on dividing the octave into ascending fractions 
of the frequency of the Nominal of the tenor (which is taken as the keynote) so that 
while the Nominal of the treble of an octave vibrated at twice the rate of that of the 
tenor, the Nominals of the other bells vibrated at %; %; 4h; 312; %; and 15/s those of 
the tenor. In other words, if the tenor had a Nominal of 440 Hz, the seventh would 
have a Nominal of 495, the sixth that of 550, and so on, as shown on Table 2.2. 
Table 2.2 
- ------
'I'he Just DitItotdc Scale 
Bell nwnber Ratio applied to keynote I Frequency (Hz) I Musical Note 
I (Treble) ] multiplied by 2 J __ . 880.0 --- A 
2 1 multiplkd by 1518 825.0 G# 
----- -=- --3 multiplied by 5/3 733.3 F# 
--4----[ multiplied by 3/2 660.0 E 
-- -- -----f--------5 multiplied by 4/3 586.7 D 
.-------6 multiplied by 5/4 550.0 C# 
- r----4~---7 multiplied ~ 9/8 B 
--8 (Tenor) Keynote 440Hz A 
The Just Diatonic Scale, according to the Whitechapel Bell Foundry, was used by 
most bellfounders in Britain until the second half of the nineteenth century. 35 
Nevertheless, Rudhalls, the Gloucester bellfounders, used Equal Temperament as 
long ago as 1731, when they cast a ring of ten for Painswick in Gloucestershire, 
and others might have done the same.36 One of the advantages of casting and 
tuning to the Equal Temperament Scale was that it enabled founders to cast stock 
bells: bells that they kept in stock until they were needed when a ring of bells was 
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ordered, or when bells were needed for augmentation. Founders such as Rudhalls 
could therefore keep their foundries busy even when they did not have immediate 
orders for bells. 
The Rudhalls may have been introduced to the advantages of Equal Temperament 
by William Hine, who was appointed Organist and Master of the Choristers at 
Gloucester Cathedral c. 1709. He was probably the same Hine who had been a 
chorister and lay-clerk at Magdalen College, Oxford, but who had been removed 
from his clerkship 'propter jomicationem, manifestam et scandalosam'. In 
September 1710 he married Alice, the daughter of Abraham Rudhall II, one of the 
most renowned bellfounders of the Rudhall family.37 The organ at Magdalen 
College was tuned to Equal Temperament before Hine left Oxford, and there is 
some evidence that he had the organ at Gloucester tuned to Equal Temperament. 38 
Alice's father died in 1735, four years after casting Painswick bells. 
The drawback to the Just Diatonic Scale is that bells, like other instruments tuned 
to this scale, are only in tune to one keynote. If, for example, a ring of eight with 
the Nominal of the tenor being 440 Hz was augmented with the addition of two 
trebles to a ring of ten, and the front six were then rung on their own, the fifth of 
the front six would be 9.17 Hz flatter than it would be were it to be in tune with the 
other bells forming the ring of six. If a new ring of six bells was cast using the 
frequency of the Nominal of the sixth of the augmented ten as the frequency of the 
Nominal of the new tenor, forming the keynote of the new ring, the frequency of 
the new fifth bell would differ considerably from that of the fifth bell of the front 
six of the augmented ring of ten. This is demonstrated on Table 2.3 that shows that 
the fifth of the front six is 9.17 Hz lower than it should be, to be in tune with the 
other five bells forming the front six. Consequently, bells cast and tuned to the Just 
Table 2.3 
ComptlTistm of the .front six of an IlIIgfIUIfUtl ring often in the Just DiDUmk Scale with II new ring of six 
ituned to the same scak with iU hynote being of the same.ftwJumcy CD that of the NtnninDl of the tIJlIIIber 
six bell of the IlIIgfIUIfUtl ring often 
I~-;";'Of t;":ingjreqUency :;-;~minal of tenor :;; New ring of six USing;~uency of ; O-;';::/bell six 
keynote of the augmented ring often as keynote 
Bell : 1 Ratio ! Freque~J- Note __ Bell -:-r-Ratio _t=.r~uen~y. Note. 
1 , Kx2x5/4J 1100.0 g 1 I Kx5/3 1100.0 C# 
! 2 ! Kx2x9/8 ; - 990.0 ! B -T 2 I Kx3/2 - 990.0 , B '----3=-·TiW~~~-r-A--I-1_ I Kx4l3 880.0 -=t-- A-__ 
__ 4 ___ L Kx15/~~~~ __ G# _ .. __ ~ ___ 4 __ ~ Kx5/~ 825.L T ....2!!....... 
__ . ___ t ... , __ .! KxS/3--l._Z.~L.,L __ IL. __ I __ . _2 __ .. _+_~/8, ___ 74f,5.,_[...£iL,_,_ 
__ 6 _ -l--Kx3/2 L 660,0 1-- E ---. -r-'--I (f~ - ""cL __ L __ _ 
._?_,_L~413 __ ~~-+-Q.._ _ __ ~ote: K~ I 
.L--.L Kx5 4 550,~--t---{# 
9 t Kx9/8 495,0 , B 
"--1-0 -- l(Tenor = i 440,0 1 A Ii. 
!kevnote: K) ! I 
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Diatonic Scale are less suitable as stock bells, or for augmentation of rings to more 
than eight bells, than those of Equal Temperament characteristics. 
The Equal Temperament Scale has been used by musicians for many centuries. In 
1584 a Dutch mathematician, Simon Stevin, published his proposals for this scale, 
although the scale was already in use, at least by madrigal singers. 39 The Equal 
Temperament Scale is based on dividing an octave into twelve divisions, as already 
described. Each successive division, equating with a pitch (i.e. a note), is related to 
the previous pitch by a factor of the twelfth root of 2. In other words, the ratio 
between any two successive pitches is 1.05946309436. 
The great advantage of the Equal Temperament Scale, as far as bellfounders are 
concerned, is that it overcomes the significant tonal changes of the Just Diatonic 
Scale when that is extended over more than an octave, as demonstrated in Table 
2.3. Also, as already explained, it enables them to cast stock bells when their 
foundries are otherwise not busy. In addition, the front six of a ring of ten tuned to 
the Equal Temperament Scale have three bells (numbers one, four and five) that are 
appreciably higher in pitch than the equivalent bells tuned to the Just Diatonic 
Scale. They are more suited to modern tastes than the lower, duller sounding, Just 
Diatonic Scale bells. 
Although organs tuned to Equal Temperament produce some harsh chords, the 
organ at Magdalen College Oxford, as already stated, was tuned to Equal 
Temperament by the early years of the eighteenth century. MC!IlY other instruments 
were similarly tuned. Thus, before the twentieth century, as one commentator has 
written: 'through over a century of dominance ... [the Equal Temperament] scale 
has become the one that we are accustomed to - the scale that sounds "in tune" to 
us today.'4O Table 2.4 shows theoretical Equal Temperament frequencies for the 
middle five octaves, which are the most relevant for church bells, based on A=440 
Hz as the tuning pitch, but read about variations in pitch standards over time before 
inspecting that Table. 
Pitch 
The Equal Temperament Scale is now based on the International Organisation for 
Standardisation's agreed standard pitch of a'= 440 Hz. (A single Hertz, taking its 
name from that of the German physicist Heinrich Hertz (1857-1894), is a unit of 
frequency equivalent to one cycle per second. In other words, a' (which is 
commonly shown as A) is a partial with 440 cycles per second). This standard pitch 
was adopted in Britain in 1938, although many other pitch standards were used 
previously, both in Britain and elsewhere. In Lille, in France, for example, the pitch 
for a' used for an organ dating to before 1700 was 376.3 Hz. John Shore's tuning 
fork of 1711 (Shore, a trumpeter in the band of Queen Anne, invented the tuning 
fork that year) took a' as 423.5 Hz. Handel's tuning fork in London in 1751 
showed a' as 422.5 Hz, while the organ of the Chapel Royal in London in 1708 
was based on a' being 474.1 Hz.4l 
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Table 2.4 shows theoretical Equal Temperament frequencies for the middle five 
octaves, based on a'= 440 Hz. 
Table 2.4 
EtpUll Temperament.frequetu:il!S, to two d«imIIl places,for the A=440 Hz tuning 
pitchfor the oct/n!es most rell!vtmtfor church beDs 
Note Frequency in Hertz (Hz) 
3rdOctave 4th Octave 5th Octave 6th Octave 7th Octave 
C 130.81 261.63 523.25 1046.50 2093.00 
Db 138.59 277.18 554.37 1108.73 2217.46 , 
D 146.83 293.66 587.33 1174.66 2349.32 ! 
Eb 155.56 311.13 622.25 1244.50 2489.01 I 
E 164.81 329.63 659.26 1318.51 2637.02 I 
F 174.61 349.23 698.46 1396.91 2793.82 
F# 185.00 369.99 739.99 1479.97 2959.95 
G 196.00 392.00 783.99 1567.98 3135.96 
Ab 207.65 415.30 830.61 1661.22 3322.44 
A 220.00 440.00 880.00 1760.00 3520.00 
Bb 233.08 466.16 932.33 1864.65 3729.31 
B 246.94 493.88 987.77 1975.53 3951.06 
Hertz and Cents 
The meaning of the unit named a Hertz (which is abbreviated to Hz) has already 
been defined: it is a measure of the number of cycles (i.e. the frequency) of a 
particular sine wave that pass a given point in one second. Consequently Hz can be 
used to express the frequencies of notes. 
The term Cent refers to the division of an octave in music into 1200 cents, i.e.100 
cents per semitone. (There are 12 notes in an octave consequently there are 1200 
cents in an octave). Cents are used to determine whether, and to what extent, a note 
measured in Hz is sharp or flat compared with what that note should measure if it 
was based on standard pitch (a'= 440 Hz). The interval between notes on the Equal 
Temperament scale is logarithmic and the interval between cents is also 
logarithmic. 
To determine the extent to which the notes of a bell vary in cents from what they 
should be their frequencies are measured in Hz. This may be done for bells by 
using a microphone-carrying laptop computer loaded with a program named 
Thner.42 The program measures the main partials of the bell (Hum, Prime, Tierce, 
Quint and Nominal) when the bell is sounded, and shows them as frequencies in 
Hz. 
To measure the extent, in cents, to which the Nominal of a bell differs from the 
frequency of the note to which its own frequency is nearest, the following formula 
applies:-
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1200 (fnote ) 
Result in Cents = Log(2) Log f international 
where f note is the frequency to be transposed, and f intemational is the 
frequency of the closest International Scale Note (as shown Table 2.4). The result 
is the offset in Cents from the closest International Scale Note of the Equal 
Temperament Scale. 
For those who are not mathematically minded it may be easiest to compare the 
measured note, using the Tuner Program or some other means of measurement, 
with Table 2.4 and observe the frequency of the closest note shown on that Table. 
Then divide the frequency of the note as measured by the frequency of the closest 
note shown on Table 2.4. Remember the result. Now put 3986.313714, which is the 
result of dividing 1200 by log (2), into one's calculator and press log, then insert 
the result of the previous division and press =. The resulting answer should show 
the extent, in cents, by which the measured note differs from the International 
Scale Note in cents. The example below shows how this is done. 
The frequency of the Nominal of the Treble at Crickadarn, cast by Henry Williams 
in 1719, was measured using the Tuner Program as 1079. The nearest International 
Scale Note shown on Table 2.4 is 1108 (C#). Divide 1079 by 1108 to give the 
answer 0.974. Put 3986.31 into one's calculator, press log, put in 0.974 and press =. 
The answer is, to the nearest whole number, -46. In other words, the Nominal of 
the Treble at Crickadarn is 46 cents flat ofC# and may be shown as C#-46. 
Tonal Analysis 
Modem British bellfounders undertake tonal analyses before starting to tune bells. 
They normally deal with rings of bells rather than with single bells. Bellfounders 
produce tonal analyses reports for their clients before decisions are made, for 
example, on retuning or recasting existing bells, as during bell restorations. In 
some cases the relevant Diocesan Advisory Committee, the Chancellor of the 
relevant Diocese, even English Heritage or some other heritage body, may require 
such a report before deciding what tuning, if any, may be allowed. 
Some bells may be considered too old for retuning, possibly because their sounds 
are part of the national heritage, even if they do not conform to modem tastes. 
Others may be considered too important in other ways to be retuned or recast: they 
may, for example, exemplify important musical developments in bell founding, or 
be memorials of local or even national significance. The tenor bell in Queenstown 
Cathedral in South Africa, for example, is retained in the tower as a bourdon bell 
even though it does not fit the planned new ring of bells. The bell was cast as a 
memorial to the men of the Queenstown district who gave their lives in the 1914-
18 war, and the local Heritage Committee, understandably, insisted on its retention 
as a condition for supporting the installation of the new ring. 
35 
A tonal analysis report may list the five main partials for each bell in a ring, the 
ratio of the particular partial to that of the Nominal of the individual bell, and the 
error of that partial in cents from what the partial should be were it mathematically 
correct. Table 2.5 is a typical tonal analysis report for a ring of eight bells. 
Table 2.5 
---~_~-=----X'~tiiTtnUJl~~----I'--~------'-
Bell I Tenor 7 6 5 4 3 i 2 Treble 
PIlI1iII1 iNo~---· I E-25 F#-47 G#-16 A-42. B-18-ratntD#-~:S-
~quen'1: ~ _~ 650.0. 720.0 823.0 859.0 977.5 1095.011223.0 1312.5 
NOMINAL,Ratio ! 1.000 1.108 1.266 1.321 1.504 1.685 1.881 2.019 
r--------- I Err~r i~!~~~_1 Da~_ -22 9 -17 7 3 -5 ' 17 
.. - _._- _. 
!Frequency Hz ! 168.0 181.0 206.5 240.5 249.0 294.5 I 307.5 356.0 
HUM Ratio 0.258 0.251 0.251 0.280 0.255 0.269 0.251 0.271 
Error in cents 58 10 6 196 32 126 10 141 I-
Frequency Hz 337.0 406.0 411.0 442.5 470.0 537.0 599.5 638.0 
PRIME ~" Ratio , 0.518 0.564 0.499 0.515 0.481 0.490 0.490 0.486 
IError in cents ·J 63 208 
-2 52 -68 
-34 +. -34 -49 
IFrequency Hz t 388.5 . 438.5 487.0 520.0 574.0 665.5 1 731.0 795.0 
TIERCE I Ratio j 0.598 0.609 0.592 0.605 0.587 0.608 0.598 0.606 
E' + 
-7 26 -24 15 -37 22 I -7 16 rror m cents i 
Frequency Hz . 494.0 558.5 616.5 688.0 778.0 860.0 921.5 
~_. 0.760 0.776 0.749 0.801 0.796 0.785 I 0.753 107l.0 QUINT 0.816 
Error in cents ! 23 58 -2 114 103 80 I 8 
-'----'---'-'-. 
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Note: Frequency is in Hertz (Hz). Error is in cents. Source: Kelly, D.J., 1997, 'The Sound of 
Bells ', The Ringing World, 29.8.1997, 871. 
Assuming the bells should be tuned to Equal Temperament, the second line of 
Table 2.5 shows the Notes of the Nominals of the bells and, in cents, how sharp or 
flat they are from those Notes. The partials are named and their Frequency in 
Hertz, Ratio, and Error in cents from what it should be if the bell was Simpson-
tuned, are tabulated. To calculate the ratio, the frequency of the relevant partial is 
divided by the frequency of the Nominal of the bell. As an example, the frequency 
of the Nominal of the Tenor as shown on Table 2.5 is 650. The Nominal is taken as 
datum. Divide the frequency of the Hum (168 Hz) by 650. The answer, to three 
decimal places, is 0.258, which is the ratio between the Hum and the Nominal. 
The ratios of the Nominals of a set of eight bells, in ascending sequence 
from the Tenor to the Treble, for bells tuned to Equal Temperament, should be 
1:1.122:1.26:1.335:1.498:1.682:1.888:2. For the bells listed on Table 2.5 the ratios 
are 1:1.108:1.266:1.321:1.504:1.685:1.881:2.019. The Nominals of the bells are 
therefore not correctly in tune with each other according to the Equal Temperament 
scale. Calculation of the errors in cents of the partials is done by dividing the 
frequency of the Nominal of the bell under examination by the ratio that the partial 
should be in relation to that Nominal if the bell was Simpson-tuned. Simpson-
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tuned ratios are shown on Table 2.6. 
Table 2.6 
Pardol RolIos for Simpson '1'ruud BeDs 
Partial: I Hum I Prime I 7ierce .1 Quint I Nom.buJI. 
Ratio: I 0.25 I 0.50 I 0.60 I 0.75 I 1.00 
The actual frequency of the partial under examination is then divided by the result 
obtained by dividing the frequency of the Nominal by the ratio of the partial. The 
resulting figure is needed for the next stage of calculation. The easiest way to 
proceed is to put 3986.313714 into a calculator, press log, then enter the figure 
from the preceding stage of calculation and press=. The result should be the error 
in cents of that partial from what it should be. 
Calculation of the error in cents of the Hum of the fifth bell shown on Table 2.5 
exemplifies error calculation. The Nominal of bell five has a frequency of 859. The 
Hum should be 0.25 the frequency of the Nominal. Consequently, for the fifth it 
should be 859xO.25, which equals 214.75. The frequency of the Hum (240.5) is 
then divided by 214.75. The result, to three decimal places, is 1.119. If we then put 
3986.313714 into a calculator, press log, and then put in 1.119 and press= the 
answer will be 195 cents. The Hum is therefore in error by 195 cents. (Table 2.5 
shows the error as 196 cents as a result of calculation to more decimal places than 
have been used in our example: a variation of one or two cents is of little 
significance). 
Further Information 
Those who are particularly interested in tuning and temperaments will 
find further information on Nigel Taylor's fascinating site: 
www.kimberger.fsnet.co.uklindex.html. Taylor, who in 2011 tuned bells at the 
Whitechapel Bell Foundry, writes that 'At Whitechapel...Kimberger ill has 
become the standard tuning for new rings of tower bells, and this tuning is 
sometimes used for the tuning of old bells, other tunings ... are also used.' Taylor 
also discusses tunings used, or formerly used, by Taylors and other bellfounders. 
Henry Williams and the Shapes and Sounds of his Bells 
The shape of bells cast by Henry Williams, and the musical and other qualities of 
his bells and those of TP, will be discussed in detail later in this book. Nevertheless 
readers should realise, before proceeding to detailed discussion of his work, that 
Henry Williams must have faced considerable problems in deciding which pitch 
standard and scale he should use when designing and tuning bells. Since tuning 
forks were not invented until 1711, he may have based his tuning on a pitch pipe 
(which may well have been inaccurate), as Abraham Rudhall I, the famous 
Gloucester bellfounder was still doing in 1715.43 He may even have based his 
tuning on some other instrument, perhaps using the pitch of pre-existing bells if he 
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Fig. 2.16. Reproduction of a tinted drawing of Clyro church as it was in 1850. Henry 
Williams cast a ring of five bells in 1708 that was hung in this squat tower. In 1852 the 
church was rebuilt and in 1865 a further stage was added to the tower and the fonner 
ridged roofwas replaced. One of Williams ' bells had cracked by 1804, another by 1845, and 
yet another cracked in the 1880s, when all three cracked bells were recast by John Warner 
and Sons. (Reproduced from a photocopy. Original drawing in Clyro parish archive.) 
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was augmenting or recasting some of the bells in a ring, or perhaps the pitch of 
another musical instrument favoured by the clergyman or churchwardens of the 
church for which he cast bells. Consequently, it is unlikely that all Williams' bells 
were cast, or tuned, to the same pitch standard. In fact it was almost inevitable that 
his bells varied in their musical characteristics. 
Comparison of the musical qualities of Williams' bells with those of the Hemony 
brothers, which have been described in this Chapter, would be unfair. While the 
Hemony brothers, with the advice and knowledge of Jacob van Eyck, cast and 
tuned the nineteen-bell carillon at Zutphen as their first known venture into what 
was essentially true-harmonic bell production, Henry Williams never had the 
opportunity of casting carillon bells, or, as far as is known, of working with a 
gifted musician and scientist like van Eyck. Williams mainly cast single bells for 
country churches in Wales. As far as is definitely known, he never cast a ring of 
more than five bells, and it is only certain that he cast one such ring: for Clyro in 
Radnorshire (Fig. 2.16), (although there is circumstantial evidence that he may 
have cast at least one other ring of five bells). There is no evidence that Williams 
knew of Hemony bells, nor that he tried to produce similar products. 
Unlike the Hemony brothers, who tuned their bells using a rudimentary tuning 
machine, there is documentary and physical evidence (both of which is presented 
later in this book) that Henry Williams tuned his bells in a less sophisticated 
manner: by chipping bits off them by hand, using a narrow-bladed chip-tuning 
hammer. This was probably a much less accurate method of tuning than that of the 
Hemony brothers. 
Comparison of Williams' bells with those that are Simpson-tuned is also unfair, 
since Williams lived almost two hundred years before Canon Simpson published 
his work. Simpson-tuning is based on mathematical realities, and individual 
partials are measured accurately and scientifically. Williams presumably tried to 
produce bells that, at least to his ears and those of other listeners of his period, 
sounded pleasing. The draft contract of 1707 for recasting one of the Clifford bells 
states that the recast bell 'shall be judged by ye Churchwardens or other 
Computent judges who they or the p[ar]ishoners shall choose .. . to be tuneable ', 
otherwise Williams had to recast it again and again until they did judge it 
'tuneable' . In other words, Williams had to cast and tune bells that satisfied the 
aural tastes of his employers and their advisors, whatever they might have been. 
Furthermore, he could hardly have foreseen the work of Canon Simpson and 
therefore could not have been expected to produce Simpson-tuned bells. 
Henry Williams was a country bellfounder who, presumably, aimed to produce 
bells that pleased him and his clients and which they, subjectively, found pure, 
sweet, and soothing, rather than discordant, rasping and offensive. Nevertheless, 
since modem bells produced by British bellfounders are normally Simpson-tuned, 
it is against that standard that Williams' bells, and those of the bellfounder known 
only as TP, will be discussed later in this book. 
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